The LSCC-SF-MC29 cell culture model system was further characterized by studies on the provirus content of the cells, the host range and the subgroup specificity of the produced virus. The transforming potential of the Mc29 virus was evaluated by the focus-forming and colony-forming assays on primary cell cultures and continuous cell lines of avian and mammalian origin. The in ovo effects of the myelocytomatosis virus Mc29 on 15I line White Leghorn chicken embryos were studied by routine histopathological methods. Six avian leucosis virus-specific proviral sequences were detected by PCR analysis in the genome of LSCC-SF-MC29 cells. The presence of a Mc29 provirus-specific sequence located in the gag-myc region was confirmed. Using primers designed to differentiate ALV subgroups, amplification product was obtained with subgroup B/D-specific PCR primers. As it was expected, the subgroup E-specific PCR primers amplified the endogenous ALV sequences. In vitro studies on the host range of Mc29 virus showed that the primary cultures of chicken and hamster cells and a continuous hamster cell line were susceptible, while the cultures of primary quail cells and of a permanent line of duck embryo cells were resistant to the transforming effect of the virus. In ovo, the inoculated Mc29 virus induced hyperplasic and preneoplastic lesions in the embryonal liver and pancreas and myxomas of the neck.
[ 1 ]. The virus belongs to the Alpharetrovirus genus of the Retrvoviridae family. The myelocytomatosis virus strain Mc29 is an acutely transforming, replication defective leucosis virus, containing the v-myc oncogene that requires a helper virus for its replication. In addition to myelocytosis and myelocytomas, Mc29 virus induces a broad spectrum of neoplasms, including endotheliomas, mesotheliomas, epithelial tumours of the kidney, pancreas and liver, and in rare cases erytroblastosis and osteopetrosis [1] [2] [3] . In vitro, the virus transforms chicken bone marrow cells, embryonal fibroblasts, macrophages, epithelial and neural cells [4] [5] [6] . Several lines of evidence indicate that this virus is capable of inducing transformation of mammalian cells in vivo and in vitro [ 7 ] .
Data on the in ovo effects of the myelocytomatosis virus Mc29 are limited. It has been reported that the virus exerts blastomogenic effect on the chorioallantoic membrane of White Leghorn chicken embryos [ 8 ] . Results from another study show a development of myogenic tumours of heart and skin in avian embryos inoculated with Mc29 virus at various sites on the third day of incubation. No tumours were found during the embryonic life, after inoculation of the virus into the chorioallantoic vein on the tenth day of incubation, but neoplasms with haematopoietic and endothelial cell origin developed after hatching [ 9 ] .
A continuous cell line designated as LSCC-SF-MC29 has been established from a transplantable chicken "hepatoma" and proposed as a valuable model for studies on heterogeneity of tumour cells, mechanisms of progression/regression and metastasis, the role of v-myc oncogene in the carcinogenesis, as well as for assessment of antineoplastic potential of natural and synthetic substances and preparations [ 10 ] . The presence of Mc29 virus-specific gag-myc proviral nucleotide sequence in the genome of the cells and virus-specific RNA in culture supernatants has been previously established [ 11 ] . In the present study, the proviral content of the LSCC-SF-MC29 cells, the host range and subgroup specificity of the produced virus were examined. The spectrum of lesions induced by the Mc29 virus in 15I line White Leghorn chicken embryos was studied by routine histopathological methods.
Materials and methods. Cells and culture conditions. LSCC-SF-MC29, a virus-producing continuous cell line derived from a transplantable chicken "hepatoma" induced by Mc29 virus [ 11 ] and DEC 99, a permanent line of duck embryo cells [ 12 ] , were cultured in a combination of Medium 199 and Iscove's Modified Dulbecco's Medium (1:1) (Sigma Aldrich, Germany). Primary cultures of Chick Embryo Cells (CEC) and Japanese Quail Embryo Cells (JQEC) were prepared by routine cell culture methods and cultivated in the same combination of media. Primary cultures of Syrian Hamster Embryo (SHE) cells were prepared by the method described by Pienta et al. [ 13 ] . SHE06, a continuous cell line of spontaneously transformed Syrian hamster embryo cells, was established in our laboratory after serial passages of primary SHE cells. The hamster cell cultures were grown in RPMI 1640 medium (Sigma Aldrich, Germany). All growth media were supplemented with 10% fetal bovine serum (Gibco, Austria) and antibiotics: penicillin (100 UI/ml) and streptomycin (100 µg/ml) (Sigma Aldrich, Germany). The cells were grown as monolayers in 75 cm 2 tissue culture flasks (Orange Scientific, Belgium) and maintained at 37.5 • C in a humidified atmosphere and 5% CO 2 .
Virus. Supernatant from a log-phase LSCC-SF-MC29 culture was purified by low-speed centrifugation and after 0.2 µm pore size filtration was used as a source of Mc29 virus.
Avian embryos. The fertilized eggs used in our experiments were obtained from leucosis-free bird flock bred in the animal housing facilities of IEMPAM-BAS.
DNA extraction, primer selection and PCR amplification. Total DNA from cells of the LSCC-SF-MC29 line was extracted using proteinase K/phenol/chloroform method [ 14 ] . The primer pairs F-L1/R-L2, F-P/R-E1 and F-P/R-E6 bind to regions highly conserved among ALVs, and were used for detection of proviral sequences in the genome of LSCC-SF-MC29 cells. The primers F-G and R-M were used to confirm the integration of the virus Mc29 into the cellular genome. The primer pairs F-P/R-E2, F-P/R-E3, F-P/R-E4, F-P/R-E5 and F-E7/R-L3 were directed to nucleotide sequences specific for the viruses of the subgroups A, B/D, C, E and J respectively and were used to determine the subgroup of the helper virus ( Table 1 ). The PCR was performed in a 50 µl reaction mixture that contained 10 mM Tris-HCl (pH 8), 1.5 mM MgCl 2 , 50 mM KCl, 20 mM of each dNTP, 10 pmoles of each primer, 1.25 U Taq polymerase, and approximately 100 ng of template. Thermocycling profiles involved an initial denaturation at 95 • C for 3 min, followed by (95 • C for 1 min, 55 • C for 1 min, and 72 • C for 2 min) for 30 cycles, and a final elongation at 72 • C for 5 min.
Assays for virus-induced cell transformation. Focus-forming assay and colony-forming assay were performed according to the original methods of Vogt [ 17 ] and Graf [ 4 ] respectively with modifications described by Bister et al. [ 18 ] . The alterations in the cellular morphology were registered with a digital camera adapted to an inverted microscope (Olympus, Japan) in native cultures and in cultures fixed and stained with May-Gruenwald-Giemsa after the removal of the semisolid media.
In ovo studies. 15I line White Leghorn embryos were inoculated with 100 µl of tenfold diluted virus stock samples in phosphate-buffered saline (PBS). Three different routes of inoculation were used. Yolk sac application of the Mc29 virus was performed on the fifth embryonic day (ED5), while the inoculation in the chorioallantoic cavity and on the chorioallantoic membrane was done on ED11. Control eggs were treated with equivalent volume of PBS. The eggs were incubated at 37.5 ± 0.5 • C and 70 ± 10% relative humidity. The incubation was terminated two days before hatching. Embryonic viscera were dissected and immediately fixed in 10% phosphate-buffered formalin solution. Tissue samples were dehydrated, paraffin embedded, sectioned at 5 µm and slides were stained with haematoxylin and eosin (H&E) for light microscopy.
Results and discussion. Six ALV-specific proviral sequences were detected by PCR analysis in the genome of the LSCC-SF-MC29 cells (Fig. 1) . The presence of Mc29 virus-specific gag-myc sequence has been previously reported [ 11 ] and confirmed in the present study. Using sets of PCR primers designed to detect ALVs, the proviral integration of a replication competent helper virus was demonstrated. The PCR analysis aimed to differentiate ALV subgroups showed an amplification product only with subgroup B/D-specific, but not with subgroup A-, C-and J-specific primers. The subgroup E-specific PCR primers amplified the endogenous ALVs normally present in the chicken genome [ 3 ] . 4 -F-P/R-E3; 5 -F-P/R-E5; 6 -F-P/R-E6
The in vitro studies on the host range of the virus indicated that the primary CEC were susceptible, while the primary JQEC and the DEC 99 cells were resistant to the transforming effect of the Mc29 virus. These results complement the PCR data, since it is known that duck and quail cells are genetically resistant to infections with subgroups B and D avian leucosis viruses [ 3 ] .
The Mc29 virus was found to induce morphological transformation of Syrian hamster embryonal cells. The processes of transformation were more prominent in cells from the continuous line SHE06 than in the primary hamster embryo cells. In SHE06 cultures, foci of morphologically altered cells appeared earlier and were apparently higher in number and greater in size as compared to SHE cell cultures. Two main types of foci were found in SHE06 cultures inoculated with Mc29 virus -foci of round, piling up cells with clearly expressed anisocytosis (Fig. 2B) and foci of spindle-shaped cells showing characteristic criss-cross arrangement (Fig.  2C) . As opposed to SHE cells, the SHE06 cells formed colonies in a semisolid agar medium after inoculation with Mc29 virus (Fig. 2E) . Cultures derived from isolated colonies differed morphologically from the non-infected cultures of SHE06 (Fig. 3) . Hyperplasia of cholangiocytes, endothelial cells and oval cells was regularly found in the livers of virus-inoculated embryos (Fig. 3A) . The hyperplasic liver lesions were most prominent in embryos inoculated onto chorioallantoic membrane. Foci of altered hepatocytes and spongiosis hepatis, which are considered as preneoplastic lesions, were observed most frequently in embryos inoculated into chorioallantoic cavity. In separate cases, virus inoculation into yolk sac resulted in the appearance of morphological signs of lymphoid leucosis in the embryonic livers. In the embryonic pancreas, hyperplasia of duct/ductular epithelium, formation of pseudoductules and myeloid infiltrates were found (Fig. 3B) . Surprisingly, most of the embryos inoculated onto chorioallantoic membrane developed benign myxomatous tumours located in the cervical region, quite similar to those described earlier [ 19 ] . In addition, myeloid infiltrates on the chorioallantoic membrane were found after this type of treatment. The results from the in ovo experiments indicate that the embryonal liver and pan- The data presented indicate that Syrian hamster embryo cells and 15I White Leghorn chicken embryos could find an application as alternatives to experimental animals in the studies on the avian leucosis viruses and retrovirus-induced carcinogenesis.
